ABSTRACT Background: There is growing evidence that despite the absence of marked deficiencies, diet during pregnancy has important implications for maternal and child health in industrialized countries. At present, relatively little is known about prevailing patterns of intake across groups with diverse sociodemographic and lifestyle patterns in these settings. Objectives: The aims of this study were to develop methods for the standardization of food group intake data and to describe the process of applying these methods to existing pregnancy cohort studies, which included .200,000 women across Europe. Design: The study developed a detailed standardization protocol to harmonize intakes of selected food groups, which included fruit, vegetables, meats, seafood, and dairy products. Standardization is necessary to facilitate valid comparisons of intake patterns and disparities across countries and will lead to the development of harmonized databases for possible future pooled analyses. Results: On the basis of comparisons with previously coordinated multicountry studies, preliminary data suggest that the standardization process yielded sufficiently comparable intake data, which indicate differences in food cultures across the countries that participated. Conclusions: This project provides lessons on the feasibility of harmonizing dietary intake data from existing studies, which can be applied in future post hoc standardization efforts. The data yielded in this analysis will also provide useful information for the development of food and nutrition policies for pregnant women in Europe, including the identification of population subgroups in which dietary inadequacies during pregnancy may be widespread.
INTRODUCTION
Dietary intakes are especially critical during pregnancy, because inadequate amounts of key nutrients may compromise fetal development or maternal health and may potentially influence longer-term risks to offspring health. Whereas there is a substantial literature that describes intakes of and risks associated with the dietary deficiencies that remain common among women in poorly nourished populations, there are limited published data on current patterns of dietary intake among pregnant women in industrialized countries (1) . Recent studies suggest that although deficiencies may not be stark, maternal diet in these settings is related to various aspects of offspring health (2, 3) .
There is a need for a better understanding of current patterns of dietary intake among pregnant women in industrialized countries, which includes the identification of any population subgroups with dietary inadequacies that may warrant targeted nutrition policies or programs. Comparable analyses across countries can facilitate the development of regional policies and programs related to diet during pregnancy, analogous to the ongoing development of regional guidelines for the general population (4) . Given the cost and complexity of establishing multicountry studies, pooled or meta-analyses that take advantage of existing studies conducted in different countries provide a practical approach for the study of the health effects of maternal diet during pregnancy. Although previous publications on this topic have concluded that it is likely feasible to standardize intake data for selected food groups collected with the use of different methodologies, to our knowledge, research reports that describe the steps involved and experience with such an exercise have not been published (5) . The focus of this first stage of the project was not to compare intakes directly, but rather to evaluate the feasibility of adequately harmonizing selected maternal dietary intake data collected with the use of different methods for application in future research. Planned applications of the harmonized data included assessments of whether and how maternal dietary intakes are associated with characteristics such as tobacco use in different countries and regions; to ensure adequate validity of such analyses, it was important to maximize the comparability of intake estimates from different studies by first harmonizing these data.
This study aimed to standardize maternal dietary intake data from existing pregnancy cohort studies across European countries with the use of a standardized approach. This article describes issues addressed and lessons learned during the harmonization process, including its limitations.
METHODS
The harmonization process was developed iteratively. A core protocol and analysis plan were developed based on assessments of dietary data from 4 mother-child cohort studies that participated in the Early Nutrition Programming Project (EARNEST) study: the Danish National Birth Cohort, the Norwegian Mother and Child Birth Cohort, the Avon Longitudinal Study of Parents and Children in England, and the Infancy and Environment Study in Spain. Details on study designs and sample sizes of these cohorts are available elsewhere (6) (7) (8) (9) . Briefly, these cohorts ranged in sample size from '2000 to nearly 100,000 participants, with food-frequency questionnaires (FFQs) comprising 50 to .300 items. These cohorts represented different regions and food cultures, as well as diverse study design characteristics, and thus provided a basis for the identification of many of the challenges involved in the harmonization process. An initial protocol was developed based on English-language versions of the FFQs used in these core cohorts. The food groups selected for study included meats, fruit, vegetables, seafood, and dairy products (milk and yogurt). These food groups are major contributors to intakes of several nutrients of particular importance during pregnancy, which include folate, calcium, and the n23 (omega-3) fatty acid docosahexaenoic acid.
Standardization protocol
The initial protocol provided detailed, standardized definitions of key food groups that described the specific types of foods to be included in, and excluded from, each food group and subgroup. Participants were asked to provide detailed relevant descriptions in their food questionnaires, including the number of food items included within each food group and subgroup, an Englishlanguage description of each food item included in these food groups, and preliminary intake estimates for each group in grams/ day. These data allowed the coordinator to identify errors in the assigning of food items to groups, and to assess whether aspects of the questionnaire design may have contributed artifactually to apparent intake disparities. Potentially relevant issues included the omission of key food items and disparities in the number of different items included within each food group.
Collaborating studies
Potential participants were identified through extensive literature and Internet searches, which included the birth cohorts' website (www.birthcohorts.net). Invitation letters that explained the aims, methods, and data requirements were sent to potential collaborators. Interested participants were asked to provide, in addition to the data described above, basic information to determine eligibility, which included a brief description of the methods used to collect dietary data (trimester assessed, number of items overall and within food groups, total energy intakes estimated), and availability of information on the sociodemographic, lifestyle, and health characteristics to be examined. Eligible to be included were studies with data collection initiated after 1990, dietary questionnaires that included the food groups of potential interest and ideally included 50 items, and data on population characteristics of interest. To maximize participation, it was decided to ask for summary information (means and percentiles of intake) rather than raw intake data.
Data
In accordance with the protocol, eligible participants were asked to provide standardized intakes of different types of meats, vegetables, fruit, and dairy foods. Participants also provided previously calculated information on daily energy intakes, which provided a basis for the further evaluation of the overall comparability of dietary data. Preliminary intake data were requested initially for the sample as a whole, to evaluate whether data conformed adequately to the standardized food group definitions; adjustments to the initial food groupings made by each collaborator were requested by the coordinator as needed. The next step involved a workshop and joint discussion in which collaborators participated in evaluation of the standardization process. These discussions provided an opportunity to identify and correct any remaining inconsistencies in food groupings. At this workshop each collaborator was asked to describe his or her dietary data collection protocol and population characteristics relating to the factors of interest, and to present intake data, with the use of a standardized presentation protocol developed by the study coordinator, which ensured that all studies provided the same information. This process helped identify any remaining disparities in interpretation of the food standardization protocol and clarify doubts with regard to the classification of culture-specific foods. Subsequently, participants were asked to provide revised intake estimates stratified by the characteristics of interest in the main study: smoking during pregnancy, prepregnancy obesity, maternal education, and maternal age.
RESULTS
The analysis includes a substantial number of existing studies that represent pregnant women from 4 regions of Europe, as shown in Table 1 . There was substantial heterogeneity with respect to study design, sample size, and dietary data collection methods.
Step 1: food item descriptions and initial classification Before providing intake estimates, detailed descriptions of the number and types of items included in each questionnaire for the food groups of interest were provided by collaborators from each study, in keeping with the protocol distributed by the study coordinator ( Table 2) . Several collaborators reported having to recalculate intakes of food groups to meet these criteria, which included the exclusion of potatoes from vegetable intakes. In a few studies this information indicated that key food subgroups had been excluded from the dietary questionnaires, which may have contributed to underestimation of intakes (eg, poultry, sausages, and other processed meats were omitted in Germany, which contributed to underestimation of meat intakes). These studies were subsequently excluded from analyses on those specific food groups. In addition, the process showed that many studies lacked information on key subgroups, such as highcompared with lower-fat dairy products, or oily compared with lean fish. As a consequence the possibility of an examination of these subgroups in comparative analyses was precluded, and food group definitions and analysis plans were simplified in subsequent requests for intake estimates.
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Step 2: evaluation of preliminary data Reported energy intakes, requested to assess the overall comparability of intake data, were generally similar, with discrepancies that appeared largely to reflect small increases in energy needs in later trimesters ( Figure 1 ). These data suggested that the trimester of assessment might contribute to fairly small differences in the quantity of reported intakes.
To assess the comparability of intake estimates at the food group level, a workshop was held at which each collaborator presented details regarding how intakes of the simplified food groupings were estimated with the use of a standardized format. This process indicated that the majority of food items were classified similarly by all participants, because adherence to the protocol was high. However, a few disparities were identified and addressed during the workshop. For example, it was decided to analyze fruit intakes both including and excluding juices because it was not always possible to identify juice drinks, which may have limited fruit and high sugar content. In some countries, juices represented a substantial proportion of intakes, which included both countries where overall levels of intake were higher (eg, Norway: means of 173 and 275 g/d for juice and whole fruit, respectively) and lower (eg, Denmark: means of 175 and 147 g/d, respectively), whereas in other countries juice intakes were practically null (eg, Portugal: means of 8 and 391 g/d, respectively). In addition, because differences such as the use of additives and fillers in foods such as hamburgers led to substantial disparities in the proportion of meats classified as fresh red meats compared with processed meats, red and processed meats were assessed jointly (eg, 51% classified as processed in Scotland compared with 18% in Portugal). After this workshop the collaborators made any final revisions necessary to food group definitions; detailed intake data additionally stratified by maternal characteristics (not shown) were requested only after this step.
Step 3: assessment of standardized data After standardization, overall intakes of the food groups were reviewed again. To aid in the evaluation of the comparability of standardized data, levels of intake were compared with those reported among women from the general population in countries that participated in the European Prospective Investigation into Cancer and Nutrition (EPIC) study ( Table 3) . As shown, harmonized intakes appeared to largely reflect expected disparities in intake across food cultures, and to resemble those reported in EPIC.
For example, the range reported for mean daily fruit intakes (excluding juices) was generally lower in northern and western European countries than in southern or Mediterranean countries, with the exception of somewhat higher fruit intakes reported by pregnant women in Norway and Greece than those observed in EPIC (Table 2 ). In both EPIC and EARNEST, mean fruit intakes were relatively high among women from Spain and Italy (.300 g/d), and relatively lower (,250 g/d, '2 typical servings daily) in Denmark, England, and Netherlands (12) . Similarly, in both projects, mean vegetable intakes were relatively lower in most northern European countries (Denmark, England, Norway, Sweden; ,175 g/d, roughly one typical raw and one cooked serving daily), with higher levels in the Mediterranean (12) . In both EPIC and EARNEST, estimated intakes of red and processed meat intakes were substantially lower in Greece (35 and 63 g/d, respectively) and the United Kingdom (50 and 46 g/d, respectively) than elsewhere, where intakes generally exceeded 70 g/d (11) ( Table 2 ). Markedly higher seafood intakes reported in Spain than elsewhere (including the other Mediterranean countries that participated in EPIC) were also observed in both projects [data not shown (13) ].
Despite substantial differences in questionnaire design, there was no clear evidence of systematic differences in estimates of mean intake related to these issues. Notably, there were substantial disparities in the number of food items included in different questionnaires, and consequently marked variation in numbers of items used to estimate intakes of different food groups. For example, meat intakes were assessed with the use of 9 items in Spain compared with 22 items in Italy, and by 33 items (which included questions on consumption in sandwiches) in Norway compared with 11 items in Scotland. Nonetheless, estimated intakes of red and processed meats were similar in Spain 
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DISCUSSION
To build on lessons learned in previous studies, the EARNEST European Diet in Pregnancy Project developed a detailed protocol for the standardization of food group intake data from existing studies in pregnant women across Europe to conduct a comparative study of dietary intakes during pregnancy (5, 14, 15) . With the use of this protocol, reported intakes of the food groups selected for study (fruit, vegetables, meats, and milk and yogurt) were standardized within each participating study by collaborators familiar with their own food cultures. Ultimately, disparities across countries in estimated mean food group intakes were similar to those observed in previous studies, and appeared to largely reflect differences in food cultures.
Although not all countries were included in both projects, comparisons with the multicenter EPIC study, designed to obtain comparable estimates across countries, suggest the standardization yielded estimates that reflect differences in food cultures, albeit with some exceptions. For example, intakes of fruit and vegetables were markedly higher in most Mediterranean countries than elsewhere, as were intakes of seafood among Spanish and Portuguese women. However, fruit intakes among Norwegian women ranked somewhat higher in EARNEST than in EPIC, perhaps in part because of differences in dietary habits during pregnancy, as well as increases over time. FAO data suggest that there have been substantial increases in fruit intakes in Norway over this period [a 35% increase, from 274 to 369 g/d, between 1994 and 2006, compared with a 22% increase in France, from 249 to 305 g/d, for the same period (16) ].
The process also provided insights on the types of limitations to intake data standardization that may arise. We were unable to assess intakes of red and processed meats separately because of disparities in how foods were typically prepared and processed in different food cultures. Similar challenges may arise in analyses in which relevant health effects may be more strongly related to specific subgroups of foods, rather than broader subgroups. We were, for example, unable to assess subgroups of dairy foods with higher and lower fat content, or intakes of oily compared with lean fish. For the estimation of mean intakes of broader food groups, however, we did not detect evidence of systematic differences in estimates related to factors such as the number of items included in questionnaires, or to differences in the trimester when intakes were assessed. Nonetheless, it cannot be ascertained whether or how such factors might have influenced the reporting of intakes by individual study participants. For example, the use of brief FFQ instruments may not influence mean intakes, but may reduce variability and the ability to detect associations.
Building on lessons learned in previous efforts to harmonize dietary data (5, 14, 15) , this project focused on selected food groups rather than on nutrients, for which standardization is much more complex (17) . It is important to note, however, that the food groups analyzed here were amenable to post hoc standardization. Other foods, notably cereal products, may be more challenging to standardize adequately. Levels of intake in terms of grams per day may appear to be very disparate across food cultures in which bread consumption predominates rather than pasta or rice, given the large differences in the weights of typical portions. Although the use of servings might suggest smaller disparities, few partner studies had readily available intake data calculated in terms of servings rather than grams, and definitions of standard servings varied widely across food cultures.
The project supports the feasibility of post hoc harmonization of intakes of selected food groups, a methodologic issue on which there has been substantial debate (5, 14, 15 ). An indirect added value of this process will be the strengthening of collaboration between pregnancy cohorts in Europe and the promotion of further analyses to examine the association between nutrition and health effects for women and their offspring. This work can serve as a basis for the development of a harmonized database that may facilitate future pooled analyses of prospective relationships between dietary intakes in pregnancy and health outcomes with the use of eligible data from multiple cohorts. Importantly, limitations in the direct comparability of levels of intake may not hamper future work that involves the pooling of data for analyses of diet-outcome relationships. Analyses conducted as part of the Pooling Project of Prospective Studies on Diet and Cancer (18) , as well as analyses that involve the pooling of biomarker data (19) , suggest that similar, valid results may be obtained through the categorization of study-specific levels (eg, into high, medium, Although it had been suggested previously that in the context of industrialized countries, where marked dietary deficiencies are rare, maternal diet during pregnancy is unlikely to influence either offspring or maternal health, recent studies suggest that this may not be the case (20, 21) . For example, dietary patterns characterized by factors such as higher fruit and vegetable intakes have been associated with lower risk of preterm birth (22, 23) and preeclampsia (24) , whereas some types of seafood have been associated with increased risk of small size for gestational age (25) (26) (27) . Other data suggest that maternal diet during pregnancy may be related to other aspects of child health, which include respiratory outcomes (28, 29) , neurodevelopment (30) , and bone health (31) . Given the growing evidence that diet during pregnancy is relevant in the context of industrialized countries, and the need for regional data that describe prevailing patterns of intake as a basis for the development of appropriate dietary guidelines in pregnancy, the proposed project can make an important contribution to both the scientific and public health literature. The authors' responsibilities were as follows-MM and MK: development of methods; MM: coordination of the study and drafting of the manuscript; and MK: study conception and provision of input and revisions to the manuscript. The authors declared no conflicts of interest. 1 EPIC data were reported for women; ranges indicate the highest and lowest values across different centers. The UK data were reported for the general population cohort. The EPIC data were reported by Agudo et al (10; fruit and vegetables) and Pala et al (11; meats).
2 "Fruit" excludes juices.
3 "Vegetables" excludes potatoes.
